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SUMMARY 

Human errors tend to be treated In terms of clinical and anecdotal de- 
scriptions, from which remedial measures are difficult to derive. 
Correction of the sources of human error requires that one attempt to recon- 
struct underlying and contributing causes of error from the circumstantial 
causes cited in official investigative reports. A comprehensive analytical 
theory of the cause-effect relationships governing propagation of human 
error is indispensable to a reconstruction of the underlying and contribu- 
ting causes. This paper highlights a validated analytical theory of the 
input-output behavior of human operators Involving manual control, communi- 
cation, supervisory, and monitoring tasks which are rtxjvant to aviation, 
maritime, automotive, and process control operations. This theory of be- 
havior, both appropriate and inappropriate, provides an insightful basis for 
investigating, classifying, and quantifying the needed cause-effect rela- 
tionships governing propagation of human error. 


INTRODUCTION 

Human error is of major concern in the development and deployment of 
man/machine systems. Human error is a significant contributing factor in 
aviation, maritime, automotive, and process control accidents. Thus the 
alleviation in number and consequence of human errors should be a primary 
goal of man/machlne systems research. Traditionally, however, human error 
has been treated only tangentially. The measurement of task or system er- 
rors has routinely been employed in man/machine studies as a performance 
metric in the evaluation of other variables (e.g., equipment design, train- 
ing, etc.). Human error has also been used in clinical and anecdotal terms 
as a convenient classification in accident investigations. Developing re- 
medial measures from these applications is difficult, however, as errors 
have not always been classified according to a consistent structure; and 
other contributing factors or prevailing conditions have not been noted. 

Recent research focusing directly on the nature and classification of 
human errors Is changing the above state of affairs, however. Singleton 
(Refs. 1 and 2) has reviewed class:. fication schemes, analytical techniques, 
and psychological theories in the study of human error. More recently 
Norman (Refs. 3 and 4) has been investigating applied human information 
processing and has evolved an ac tion theory which he has used in the 
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classlf Ication of errors made by highly-skilled operators In complex, high- 
demand systems. Most recently we have finished a report for NASA (Ref. 5) 
In which several behavioral models were reviewed for use In subsequent stu- 
dies of human errors in aviation operations. these models cover continuous 
and discrete control , supervisory control, monitoring, and decision making 
and provide a basis for diagnostic Investigation as well as research. 

Human error Is a complex, multifaceted phenomenon. In accounting for 
human error in complex man-machine systems we must consider both the spon- 
taneous errors or "slips** delt with In Norman^s action theory (Ref. A) and 
more rational errors (having an assignable cause in hindsight) which arise 
due to problems In detection, perception, recognition, and Judgment. The 
distinction here is that in one case the spontaneous error is seemingly 
aberrant and unintentional, whereas other errors can presumably be ration- 
alized with behavioral theories that account for perception, judgment , de- 
cision making, monitoring, detection and recognition, and manual control. 


DEFINITIONS 

In previous work by Beek, et al. (Ref. 6) human error has been defined 
as an inconsistency with a behavioral rx7,ttem established by 
virtue of system requirements and specif Icacions and the design of the 
equipment and procedures to meet those specifications. This is a practical 
operational definition; however, it should be noted that incidents and ac- 
cidents can arise because of inadequacies in the (^esicm of equipment and 
proceduies. Errors may also be precipitated by envirorimental stress (phy- 
siological and psychological) Impinging on the human operator. This has led 
us to differentiate between the eouroes and oaueee of human error. Sources 
are Internal to the human operator and their 'ronsequences should be measur- 
able as changes from normal or ideal human behavior which is consistent with 
system requirements. Cauees are external factors which induce undesirable 
deviations In human behavior, such as unexpectedly large or extreme 
dlst!*rbances , high workload, distractions, Inaccurate or noisy information, 
Illusions, equipment design deficiencies, and Inadequate training. 

Accompanying the current trend towards increasing automation in man- 
machine systems, there Is Increasing concern for errors induced by man- 
machine Interaction (Ref. 7). In some cases errors are Induced by Increased 

complexity — the man-tnachlne Interface and In other cases the operator's 

less active role as a monitor and supervisor seems to be the problem because 
there is a degradation of skill. At issue here is what the optimal level of 
operator Involvement should be and the structuring of this Involvement in 
order to minimize the occurrence and Influence of human error on system 
porfo rmance. 


* There could, of course, be internal causes of hman error such as psy- 

chophyslologlcal or neurological impairments. These should he handled with 
proper selection and periodic screening procedures which are not of direct 
interest here. 
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Errors or mismatches between desired and actual system or subsystem 
outputs are essential in situations where feedback is involved as an oper- 
ating principle. Most of the time human operators use these errors to ad- 
vantage in performing as error-correcting rather than error-avoiding system 
elements. For this reason in operations Involving aviation, maritime, and 
automotive traffic control and process control, the errors per se are of 
major concern only when they are undesirable because of their size, timing, 
or character. Tliese errors, which are Intolerable in one way or another, we 
shall call grievous errors. In general, a grievous error will involve an 
exceedence of safe operating tolerances. 

Human errors that do not always result in grievous errors may be nearly ^ 

impossible to measure in practice unless behavioral identification tech- 
niques are employed. Behavioral identification may be performed by quali- 
fied observers (Refs. 8, 9, and 10) or by slgn^^i correlation analysis which 
can partition himan error into coherent and incoherent components* Such 
identification of human errors which may be inconspicuous in one situation 
is very Important, for they may lead to grievous errors in other circum- 
stances. 'borough analyses of mission phase behavior sequences, both normal 
and abnormal, are necessary prerequisites to the application of behavioral 
identification techniques In the study of human error. Before considering 
some of the sources an?* causes of human error, we shall discuss the buildup ^ 

of mission phase behavior sequences from constituent task behavior. 

BUILDUP OF MISSION PHASE BEHAVIOR SEQUENGK(S) FROM OONSTITUENT TASK BEHAVIOR 

> 

A Perceptually Qentered Viewpoint for Task Behavior 

For a particular task the human component(s) as input-output elements 
consist of one (or more) of the pathways Illustrated by Fig. 1 for one among 
several human operators of a system. Here the system inputs and errors may 
appear in several sensory modalities, and the motor subsystem output may be 
manipulative or verbal. Ihe pathway used in a particular circumstance 
Is the result of the nature of the perceptual field and of training. 

Table 1 summarizes these and other facets of this perceptually centered 
model of human behavior. 

The human’s operations are thus 
defined as an open-loop, closed-loop, 
or open- and closed-loop behavior 
pattern with Identified sensory input 
and motor output modalities. For 
some Inputs, of course, there is no 
Immediate output; Instead, the Infor- 
mation received may simply be stored 
in memory. In other cases the lack 
of a measurable output should none- 
theless be Interpreted as the 0 por- 
tion of a 0,1 binary pair of 
possibilities. 





Hi mOf< 


Figure 1. Three Paths in Perceptually 
Q?ntered hfedel of Human Behavior 
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TABLE 1. SUMMARY CHARACTERISTICS OF PATHWAYS IN PERCEPTUALLY- CENTERED 

MODEL OF HUMAN BEHAVIOR 


PATHWAYS 

PERCEPTUAI. FIEU) COHTEUT 

ACTION OR OUTPUT 

CORRELATES OF 
TRANSITION AlviONG 
IZVEIS OP SC? 

Cenpensatory 

Narrow; deviations only 

Designed to correct exceedences 
and reversals; not necessarily 
rehearsed 



Increasing perceptual 
motor load 



Increasing rehearsal 

^ 

Increasing bandwidth 



Increasing time delay 



Exjiandinr perceptual field 
cont<*nt and extension thereof 

Pursuit 

Broader; separable inputs, 
outputs, comnands, disturbances 
in addition to deviations 

Designed to correct deviations 
and to compensate fer inter- 
nal delay; moderately well 
rehearsed 

Precognitive 

Exceedingly broad and ex** 
tended, even among other 
individuals and organizations 
by means of a conference, by 
recall of past experience, or 
by recruitment of other 
resoiurces; separable inputs, 
outputs, costaands, distur- 
bances only; feedbacks not 
necessary 

Discrete; cued, transient; 
very well rehearsed 


NDnltoring and Decision Making Viewpoint for Task BehsTlor 

With increased use of automatic controls and computers In modern day 
aircraft, traffic, and process control systems, the role of the human opera- 
tor is becoming more supervisory. Involving Increased amounts of monitoring 
and decision making. In these roles, human outputs are typically discrete 
(as opposed to continuous control actions) and include verbal communication 
as well. Monitoring and decision making errors can arise due to mispercep- 
tion of monitored Information and misinterpretation of perceived informa- 
tion. Errors can also occur in the more cognitive aspects of decision 
making where the operator must account for various possible consequences of 
the alternative actions available to him. 

Monitoring and decision making constructs and viewpoints are useful in 
several ways. First, human errors sometimes appear to be inexplicable when, 
for example, only two courses of action are possible, and an operator ap- 
pears to make the obviously wrong choice. By considering the elements of 
these task situations in a decision making context, one can gain additional 
Insight into the underlying factors Involved. Second, if specific analytic 
decision-making models are appr.prlate descriptors of the mission phases 
being examined, then the model can serve as a means for the analysis and 
interpretation of the operational or experimental results. Third, a 
combination of monitoring, decision making, and control viewpoints is 
essential in treating repeated trials in an experiment or an ensemble of 
simulations involving many crews. In a single trial, behavior and 
performance for all the tasks Involved are specific concrete actions (or 
inactions) flowing in a sequence. Error is identified as an extreme 
deviation from a desired state. Among many trials these concrete actions 
often exhibit differences, either in kind or in degree. A probabilistic 
structure for particular events then becomes appropriate as a means of 
describing the experimental data. Farther, the potential tradeoffs (based 
on experience and training) Involved in selecting various emergency actions 
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can be exposed in the light of a utility concept. Monitoring and decision 
making theories are the appropriate vehicles for such considerations. 


Partition of the Miaaion into Ihaaeap Taaka» Skilla» and Outcoaea 

If we are to apply these elementary behavioral models to complex opera- 
tions of men and machines, they must be associated with sequences of 
operations which, together, serve to accomplish a desirable end, i.e., a 
mission. To accomplish this the mission is first defined and partitioned 
into a hierarchy of constituents. The primary constituents are mieeion 
vhaeee* These are of a size and duration which allow the broadest factors 
(e.g., environmental variables) that Influence human behavior to be identi- 
fied. At the next level are tasks, which are associated with a particular 
operation in a sequence and are sized to permit the identification of 
’’critical” skills. Aberrations in the execution of these skills ultimately 
determine the sources of contributions to human error. 

A mission phase may be broken down into various subdivisions depending 
upon its complexity. For our purposes here we are ultimately interested in 
the elemental unit of all phases Involving the human operator, the task. As 
a working definition here we will define a task as cm aetivi.tu at the funo- 
tionaZ interface of the human operator and the indioiduate, ohdecte, ar,d 
environments unth h)hom or u)hich he interacts (adapted from Ref. 11). We 
will further specify a task for our purposes here as a goal- or criterion- 
oriented work increment involving application of a skill or set of skills by 
the human operator. Thus, by partitioning the mission phases into tasks, we 
can then identify those fundamental human operator behavioral factors, 
skills^ which inf lut nee operational safety. Fbr tasks which are critical to 
safety (i.e., exert a predominant Influence in some sense), it is the pro- 
ficiencu with which a skill or set of skills is applied that we wish to 
consider in order to identify the underlying sources of human error. 

In preparing the operations breakdown for a particular mission phase, 
each task for each operator is listed as an item in an ordered, nominal 
sequence. Conceivably this order might be changed or omitted in off-nominal 
circumstances, and this by Itself may be a cause of error. Associated with 
each task are input and output modalities for each operator in his respec- 
tive relationships wit! other operators and equipment. Associated also with 
each task is an indication of the human behavior characteristics nominally 
Involved In carrying out the task at hand. In many cases the nominal 
behavioral characteristics may not be exhibited by actual operators, and ab- 
normal behavior may result in an out-of-tolerance system error. 

For the study of human error, the nominal task breakdown must therefore 
be further subdivided to account for all possible outcomes induced by ab- 
normal behavior. In this endeavor the application of Murphy's law and its 
corollaries can be helpful. Other off-nominal aspects which should be 
considered are the accumulation of stress and degradation of skill. Each 
mission phase presents a combination of environmental and task stresses on 
the operators, and these stresses influence operator performance. After 
lapses in operational practice or long intervals of inactivity, individuals 
have to cope with the problem of maintaining proficiency of skills which may 
be critical to safety. Skills performed infreauentlit^ for whatever reason, 
are most likely to fall into this category. Of these skills, those having 
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high workload factors by virtue of being time-constrained or because they 
involve complex operations are most likely to cause serious performance 
decrements. Several conditions may contribute to the degradation of these 
skills: (a) lack of practice, (b) inability to practice in the appropriate 
environment, (c) interference or negative transfer arising from the practice 
of competing skills, and (d) physiological deconditioning due to fatigue 
Induced by the environment or due to alcohol or drug stresses. The tasks 
which are most likely to be affected by these human conditions should be 
especially flagged for investigationi 

In most of the tasks where precognltlve operations are identified as 
nominal or customary, additional qualification is necessary. Such open-loop 
operations are normally of limited duration and are properly interspersed or 
concluded with closed-loop operations either directly, as in dual mode con- 
tinuous control, or Indirectly in the context of an off-line supervisory 
monitor. Omission of the closed-loop monitoring activity may in fact lead 
to human error as shown in Ref. 12. To examine the role of a supervisory 
monitor in more detail, we next consider some models for the integration of 
the three functional pathways in Fig. 1. 


INTECatATION OF THE PATHHATS THE MBTAOONTSOLLER 

Each pathway in Fig. 1 contains a ntmber of subsets of behavior appro- 
priate to the task. Assume that identifiable prerequisite conditions and 
limits can be found (e.g., experimentally) for each subset of observed be- 
havior. Then one model for the perceptual organization process would be an 
active off-line supervisory monitor which identifies the conditions that 
currently exist, selects and activates some most likely pathway/ subset, 
monitors the result , reselects a new pathway/subset when necessary or when 
further information is identified as a result of the first operations, and 
so forth. Appropriately this has been termed the metacontrol system by 
Sheridan in Ref. 13. A simplified diagram of such a metacontroller is given 
in Fig. 2a. Other preliminary work on an algorithmic-type model for the 
successive organization of perception (SOP) process is given in Ref. 14. 
The possibilities for error due to inappropriate activities within such a 
system are manifold. Such a model provides a logical basis for under- 
standing some of the causes underlying selection of an inappropriate be- 
havioral model which may ultimately lead to an identifiable error. 

An appropriate form for this model is a flow or decision process al- 
gorithm. Related models have been described in Refs. 16 and 17, and applied 
to a specified task involving a given sequence of subtasks in Refs. 18 
through 21. Thus the algorithmic approach is by no means novel. Most of 
these attempts have had limited application because of the Inordinate com- 
plexity and repetitive cycling required to represent continuous tasks. Yet 
by breaking out the compensatory and pursuit pathways as separate entitles 
which handle most of the continuous operations, the metacontroller of 


^ Metacontrol ■ the human' s activity-supervising control, transcending the 
various directly Involved systems such as the perceptual, central, and neu- 
romuscular systems (from Greek **meta” meaning "involved v:lth changes'*). 
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<) Si%pWfi#d r*tieftMr«11»r for SiKCttlivt 
Or^onwotion of ^#rc#ptlO« 


0) “Thoory of *ct'0*s.' tef 


Figure 2. Flow Diagram for SOP Operations and the Ref. 15 Theory of Action 

Fig. 2a gets around some of these problems. Algorithmic models are used 
where they are best suited (logical functions) , while Isomorphic models of 
human behavior are used where they are most efficient (well-defined tracking 
or stimulus-response situations). Continuing research In the disciplines of 
observation, pattern recognition, estimation, and tlmeshared processing 
should yield additional material useful to the Interpretation of SOP. For 
example. Noton offers a sequential pattern perception and recognition theory 
In Ref. 22 which appears to have connections with SOP and other models which 
have been found useful In characterizing human behavior. 

A particularly Interesting parallel to the SOP metacontroller which Is 
especially valuable for the understanding of error Is given In Ref. 15. The 
"Theory of Action'* proposed there has a number of cognitive stages and com- 
ponents. The base stores for action are organized memory units or sensori- 
motor knowledge structures "schemas" which control skilled action se- 
quences. A basic control sequence starts with Intention, and proceeds 
through selection, activation, and triggering of ache- \ to result In an 
output action. The results at various levels In this sequence are 
monitored, and may be modified by feedbacks to the previous stages. A sim- 
plified block diagram for this theory Is shown In Fig. 2b. Its elements are 
clearly similar to the precognitlve elements In the metacontroller of 


i 
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Fig. 2a. Much of the Fig. 2b model Is based on the study of verbal "slips," 
which can be errors by another name; so the connections between human manual 
control and verbal activities are very useful in our search for 
generalization. 

Using this overall structure as a point of departure, we progress In 
the next topic to discuss some sources and causes of human error. 


SOURCES AHD CAUSES OP HDMAH ERROR 

The functional pathway triad and metacontroller model for human be- 
havior Illustrated In Fig. 2a contains within Its structure many features 
which can. In abnormal versions, lead to grievous system errors. These 
features we shall refer to as aouroea or anteeedenta of error. Sources are 
endogenous or Internal to the human. Ihelr consequences are all measurable 
Ip terms of changes from Ideal or nominal human behavior for a particular 
task. These changes may be Induced by external (exogenous) factors which 
will be referred to as oauaea of errors. The first two columns of Table 2 
Illustrate these distinctions for compensatory operations. 

The remaining two columns of Table 2 present a verbal synthesis of a 
great deal of empirical data from many experimenters. All of the currently 
demonstrated forms of abnormal compensatory Input-output behavior are 
represented here. In total they represent an error source which can be de- 
scribed generally as inappropriate peraeption, deeiaion, and/or execution 
within a aeleeted level (in thie oaee, eompeneatory) of organization of 
behavior. The sources of error in this framework are summarized In Table 3. 

In principle tables similar to Table 2 can be constructed for the other 
source possibilities In Table 3, e.g.. Table 4 for pursuit operations. 

However the experimental data base for most of these Is nowhere near as 
comprehensive as it Is for the compensatory pathway. Many of the elements 
In the precognltlve pathway can be developed, by analogy, from Table 1 of 
Ref. 15, which lists the presixned sources of "slips” (or errors) In the 
structure of Fig. 2b. 

Transitions from higher to lower levels of skill occur when the atten- 
tions! flel^ becomes too narrow. They can also occur when the human la 
sufficiently Impaired perceptually (l.e., by alcohol, fatigue, hypoxia, 
etc.) so that action an a multi-channel operator Is significantly de- 
graded. In these Instances divided attention Is possible only by switching 
to and fro as an essentially single channel Information processing device. 

Although probably one of the most fundamental sources of himan error, 
the Inappropriate organization of perception and behavior for the task at 
the executive level of the metacontrollei has received imich less attention 
In the literature than have Inappropriate perception, decision, and/or exe- 
cution within a selected level of behavioral organization. The SOP theory 
described In Ref. 23 offers a unifying approach to Inappropriate organiza- 
tion as a source of human error. 
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TABLE 2. BEHAVIORAL SOURCES OF ERROR IN COMPENSATORY SYSTEMS 

.-H-’JflSL >'rERATici(o 


BASIC %'URCE 
i wroocE.’w^js) 

GAUGES 

(iaooEnuuG) 

OPERATOR BEKAVIOR 


£xtr ccrriJid or 

ll-turbince ncpiitudes 

Un xp^.ct 'dly large corrJinl 
or cxtr<iine envlrorjiwnt 

Operator response nomel 

Systeo ovt^rlcadri, r^rci i at. 
cf tclera.^ce alth«.u^h 
f pi; rating pr l pc- rly 

I^trcae concAiii or 
diaturbvicc bartdwldth 

Broadband Input signal noise; 
Uncxpccte<lly broadband 
listurbaircc 

Regression of crossover 
frequency 

R^iucci t;y3tca li:.iwlith 

C ont ro He d* e l*»en t 
change 

MuLfurctior./fallure in 
controlled ^'leoient 

Affecting output for 
transient interval; 
Adaptation to new centre H*:d 
eleaeat 

Trar.j.-_nt *rrcr:: tran- 

- * L k f* » 

FedviCoJ yatca b»-r.lwlit:. 

iuced attention 
field 

Poor signal/ noist ratio 

poor contrast, high 
intensity distraction 
stlanli, low level signals, 
etc. ) 

Operator threshold, net gain 
reduction 

System bandiridth reduction; 
(missed signals as one 
extrexae ) 

Hovi ranis 

1 

yisi>'rc -ption cf '»i ror diyjii 
Njilvet*; 

Resonant 1 r.c r ri ac : ; 
Intermit trntiy reversed 
output 

I-ncrea:-!! .yc t -r ; 

Int‘.r=_ttcr.tiy r'.vcr:,! jy.tem 
t atput 


• .••Tl-n.’i'rr ..-£SATI0t8 



CAUSES 

(E.^o<;n;ouB) 

OPERATOR BEHAVIOR 

EFPKM ON syste:: 

" -.rt i - t 
’ -'-T’ . j“.nir.g 

1 

1 

increased ^nfcrtoational 

requirements for aonitt..r ing 
or control 

R«iiu.ant increase (scanning ; 
Increase In loop ^^airs; 
Simultaneous aulti- channel 
operations 

^r.rreaned ay: ter r.cl-,«; 


Information overload: 

Toe many separate input 
channels ; 

Too xany s if leant signals; 

Backlog of u;.att:end‘’d 
operat iuns 

As above, plus failur- 
detect some signals, 
increased latencies, and 
missed output respenjes 

“I- Ml re-pt r.a^: ; 

I n : t' b 1 li *.y i' * h : r v*. ■' -\'iArQ 
nr.: ' 

* d-f'cd attcc* ional 

r..nt 

Operator Impairment ''fatigue, 
alcohol, hypoxia, etc.) 

Pennant increase over scarjiing; 
further decrerise in loop gain; 
j •quentially-svitched sing]*? 

clLAT.nol operatlcus; 
..clction/misred responses 

ncrea.'Cd sy.>teB tj< isc 
Reduced bandwidths 
increased latencies 

Kissed responses 

Uu..ior.s, Kir.etosis 

Cc:ifllct oe tween or among 
V. U..1, vestibular, aural, 
k’.f.* th tic 'ij\\X/or pro* 
pr.-vo ptivw inputs 

Ht.*mnant increase; 
i>ecr^^a.e in operator's gain; 
*U1 a propos responses; 
Mussed responses 

Increased system noise 
Hedur«<l bunividth 
Hal a pr«-pc* r*?;p.n"e'; 
Missed re pi ruiCw 


GONaOSIOHS 

The Input-output behavior of hiBum operators In manual control aystema 
la characterized by an Internal organization involving three major path- 
ways. Ibeae correspond to closed-loop, combined open- and closed-loop, and 
open-loop behavior patterns. In manual control systems which exeisplify 
these patterns, the system bandwidths, attentlonal fields, and rehearsal 
requirements are ordered correspondingly, l.e., compensatory < pursuit < 
precognltive. Similar but Inverted orderings of perceptual motor loading 
and system latencies are associated with the three pathways. 
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TABLE 3. SOURCES OF HUMAN ERROR 


(Sogrc«t «r« tndeg«nout or IntoroAl to th« htaoA operator by dofinitlon) 


tnappreprUco porcoptlon, doelslon, <*nd/or txodiition vltbin a atlacctd lavtl of behavioral 
organltatlpfi 

Cooponaatorf (expeodod in Table 2) 

l^ir•ult (expanded in table A) 

frccoenltlve (expanded In taote I of Ref* 1)) 

Selection of retponee unit 
Execution of responee 

Tranelttona froo a higher to lower level of behavioral organitatlon 

frecognltlve to purault 
l^recognlt Ive to coapenaatory 
hirault to conpenaatory 

Inappropriate organlaation of perception and behavior for the tank at the executive level of the 
•etacontroller 

(ttena l*S are aaioclated with the "aituation identification* block In fig. 2a) 
frrora in: 

<l) foreulatton of Intent, aaaignoent of function and Ita priority 
(2) Ident if teat tor of apeeific taak/a t tuat ion/act Ion eontinuoua or diacrete 
(3«> Selection of likely nourcee of inforoatlen and their teoperai order (l.e., paat , 
current, or preview) 

Ob) AaaIgnoent of priority in aourcea of infornaclc^ aeong Inpute and feedbacka 
(4) Identifying predictability or cehernece In and anuMg aourcea of infennatton 
O) Identifying feolllarlty with the taak 

(Iteo b la aaaoclated with the ‘aeleetlon of appropriate pathway(a)* in fig. 2a) 

(b) Organltlng operation on input a and feedbacka. 

tnadeguaie off-line eonltor/aupervlaer In the netacencrel Icr 


The three-pathway <nodel for manual control can be generalized to a 
perceptually-centered model appropriate for Input-output human behavior 
involving seneory reodallties other than vision and output modalities other 
than manipulation. 

The perceptually-centered model for human behavior is further general- 
ized to Include an executive and supervisory-monitoring metacontroller which 
identifies the situation, selects the appropriate pathway, directs the In- 
formation flow through the pathway selected, and monitors, on an off-line 
basis, the resulting outputs. The off-line monitoring feature constitutes 
yet another feedback, albeit on an intermittent and longer term basis. 

The characterization of human behavior presented here provides a 
rational basis for planning specific Investigations of the sources of husun 
error, either for the purpose of research in advance or diagnosis after the 
fact. Vfhen the purpose and scope of an investigation has been set forth, 
the behavioral models simimarlzed here can be used to predict (sometlmee), 
subsume, describe, and rationalize the experimental or operational results. 



ORlQiNAL PAGE tt 
OF POOR QUAUTT 


TABLE 4. BEHAVIORAL SOURCES OF ERROR IN PURSUIT OPERATIONS 
(Nultl** Input Operations, by Definition) 


bASK SOURCE 
( afDOCfKOiJS ) 

caui'k: 

(ExooErrjOB) 

OfOtATOR BEMAVIOt 

ETTKCW OH JUSTED 

Cortrollod 

ClUsTiC* 

(see correepondlAf causes in 
Ttbl* 2) 

TraneieBt recresslon to toe* 
peasatory levwl (see 
correepeadls^ behavior la 
Table i) 

iTansitAt errors during 
transition; 

Rediaed system bandvidth 

rivad«:4 ikttontion, 
rc< ptu»l JCarjUnit 

(sec oorrespondini eeuees 
in Table 

IbianaAt Inoreasej 
increase in operator*! fain; 
(-CC al3c c'^rrc^pcndinc 
behavior in Table 1) 

Increased system ncise; 
Reduced bandvidth; 

(see aXco ccrrtcpi r.lir 4 
effSetc in Teblt 2) 

h* rict'i -\tt -f.tii J.^1 
f cl : kr. pktiti 

t tf 

Kur input an/l/c error 
stgnsl/noise rntlo vC.g., 
inability U identify input. 
Task Imrolvea disturbance 
regulation rathe r than cost 
■and^follovlni and distur* 
bence c«nn<rt be identified; 
Nisaatslted scallnf betMen 
input and error; 

Distortion of Inpjt; 

Lack of input confnrasbility 
with visual field; 
fee al > corresponding causes 
in Talle k 

Reartant .ncrease; 

Operator's threshold on input 
say cause missed responeot 
and regression to compenia* 
lory level; 

Operator's threshold on er^'or 
My reduce gain In or open 
coe^e ns story loop 
(see also eorrerpo^ng 
behavior in Table R) 

Increased syrtem r.cise; 
Reduced system bmndvridtk 
(massed re:por.ses as eme 
extreme) 

R*?dueed attcntionAX 
field Ir. tecpcrel 
dLcer.slor., 
reduced pirevlcv 

Inatilify tc tdertlfy future 
ir;jUy (T dtstorbanca: ; 

Prodigious cxtrepolatioo 
required to estisMte future 
l.^put or disturbance 

As above, plus increased 
latencies 

Ae above, plus laereastd 
response latencies 

ReverMli 

Perceptual lavertion of io^t; 
FauJ^y input-baekfround die* 
eriadnatlen; 1 

Lack of input eoAfenabillty 
with visual field 

imeat Increase; 

XatenalttonUy reverted 
output 

j 

imereesed syebiA noise; 
ImteiBlttemtly rovorsed 
eutp%st 

11..4ion«, llineto^is 

(sec corrt spk^o Ur.g cnu.es in 
Tetl- i) 

Reanant increase; 

D^er^ese in operator's gsin; 
H«1 s propus responses; 
Hissed responses 

Increased eyotem noise; 
Reduced bmndrldtlii 
!'Al e prepoe rtafonsei; 
Hissed respensee 


UFEIBMGBS 

1. Singleton, V. T. ‘“Iheoretlcel Approaches to Hunan Error, “ Srporumiat , 

Vol. 16, No. 6, Novenber 1973 pp. 727-737. 

2. Singleton, W. T. , "Techniques for Detenslnlng the CRuses of Error," 

Applied Rrgonmiee, Vol. 3, No. 3, 1972, pp. 126-131. 

3. Noraan, D. A., "Husuin Error," Payehology Today, January 1980. 

4. Noman, D. A., "Categorization of Action Slips," Peyeholopioal BeiHeu, 

January 1981. 

5. HcRuer, Duane T. , Qeaent, Usrrcn F., and Allen, R. Hade, A Theory of 

Hxmam Prror, Systeas Technoloey, Inc., Technical Report No. 1156-1 
(forthcoming NASA Contractor Report), May 1980. 

6. Seek, C., et al. , Hunm Reliahility Reeearoh, Technical Report 430, 

Operations Research, Inc., Silver Spring, Hd., 1967 (Available 
froa DDC as AD 664495). 


593 







Pfomieea aruf 


7. Wiener, E. L. , and Curry, R. E., Flight-J)ea^ Automation: 

Prohleme, NASA TM 81206, June 1^80. 

8. Sanders, A> F., "Some Remarks on Mental Loads,” in Neville Moray (Ed.), 

Mental Workload, Ite Theory and Measurement , Plcniia Press, New 
York, 1979, pp. Al-77. 

9. Lee, Alec M., Applied Queueing Theory, Macmillan, London, ..966. 

10. Riiffell-Smlth, H. P. , >1 Simulator Study of the Interaction of Pilot 

Workload with Errors, Vigilance, and Oeaieione, NASA TM 78482, 
1979. 

11. Miller, R. B., "Task tiescriptlon and Analysis," Chapter 6 of Psycho- 

logical Principles in System Development, 1962, pp. 187-228. 

12. Sanders, A. F. , "Some Aspects of the Selective Process In the Func- 

tional Visual Field," Ergonomics, Vol. 13, No. 1, 1970, 

pp. 101-117. 

13. Sheridan, 1. B., "The Human Operator In “iintrol Instrumentation," In R. 

H Macmillan, et al., (Eds.), Pr jgrese in Control Engineering, 

Academic Press, New York, 1962, pp. 141-187. 

14. McRuer, D. T., Hofmann, L. G. , Jex, H. R., Moore, G. P. , Fhatek, A. V. , 

Weir, D. H., and Uolkovitch, J. , New Approaches to ffuman- 
Pilot /Vehicle Dynamics Analysis, AFFDL-TR-67-150, 1968. 

15. Norman, D. A., Slips of the Mine and an Outline for a Theory of Action, 

University of Cklifornia, San Diego, CHIP 88, 1979. 

16. Newell, A., Shaw, J. C. , and Simon, H. A., "Elements of a Theory of 

Human Problem Solving," Psychol, Sci,, Vol. 4, 1959, pp. 161-166. 

17. Reltman, W. F., "Heuristic Programs, Gbmpnter Simulation and Higher 

Mental Processes," Pehavioral Sci,, Vol. 4, 1959, pp. 330-335. 

18. Thomas, R. E. , and Tou, J. T., "Hunun Decision-Making In Manual Gontcol 

Systems," In Second Annual NASA-tMivereity Conference on Manual 
Control, NASA SP-128, 1966, pp. 325-334. 

19. Siegel, A. I., and Wolf, J. J., "A Technique for Evaluating Man-Machine 

Systems Designs," Human Factors, Vol. 3, 1961, pp. 18-28. 

20. Rraunsteln, M. L. , Laughery, K. R. , and Selgfrled, J. B. , Computer 

Simulation of Driver Pehavior During Car Following: A 

Methodological Study, Cornell Aeron. Lab., YM-1797-H-1, 1963. 

21. Thomas, R. E. , Developments of New Techniques for Human Controller 

D^amice , Aerospace Med. Rea. Labs., MRL-TDR-62-65 , ’962. 

22. Noton, D. , "A Theory of Visual Pattern Perception," IEEE TVens, 

Vol. SSC-6, No. 4, 1970, pp. 349-357. 

23. McRuer, D. T. , and Krendel, E. S., Mathematical Models of Human Pilot 

Pehavior, AGARDograph 188, 1974. 


- 594 - 


I 



